Abstract. We explore the feasibility of obtaining a spatially resolved picture of Ca 2þ inward currents (I Ca ) in multicellular cardiac tissue by differentiating optically recorded Ca 2þ transients that accompany propagating action potentials. Patterned growth strands of neonatal rat ventricular cardiomyocytes were stained with the Ca 2þ indicators Fluo-4 or Fluo-4FF. Preparations were stimulated at 1 Hz, and Ca 2þ transients were recorded with high spatiotemporal resolution (50 μm, 2 kHz analog bandwidth) with a photodiode array. Signals were differentiated after appropriate digital filtering. Differentiation of Ca 2þ transients resulted in optically recorded calcium currents (ORCCs) that carried the temporal and pharmacological signatures of L-type Ca 2þ inward currents: the time to peak amounted to ∼2.1 ms (Fluo-4FF) and ∼2.4 ms (Fluo-4), full-width at half-maximum was ∼8 ms, and ORCCs were completely suppressed by 50 μmol∕L CdCl 2 . Also, and as reported before from patch-clamp studies, caffeine reversibly depressed the amplitude of ORCCs. The results demonstrate that the differentiation of Ca 2þ transients can be used to obtain a spatially resolved picture of the initial phase of I Ca in cardiac tissue and to assess relative changes of activation/fast inactivation of I Ca following pharmacological interventions.
Introduction
When screening the past for methodological innovations that led to major advances in our understanding of the physiology of excitable tissues, neuroscientists have played a central role and their methodological work often spilled over into other scientific fields. This was particularly the case for cardiac electrophysiology, where examples that led to major scientific advancements range from the invention of the Ling-GerardGraham glass electrode in the late 1940s 1 to optical ion indicators and to optogenetics as introduced only a few years ago. 2 Being faced with the problem of assessing impulse propagation in networks of cultured cardiomyocytes with high spatiotemporal resolution in the early 1990s, the senior author of this study was yet another "specimen" of a cardiac electrophysiologist that had his hopes raised that the voltage-sensitive dye recording as developed by neuroscientists around Larry Cohen might solve the cardiac problem at hand. 3, 4 As it turned out, during his 2-year stay in the laboratory of Brian Salzberg, a former collaborator of Larry Cohen in the voltage-sensitive dye development group, the technology transfer from neuroscience to cardiomyocyte cell cultures worked out just fine. [5] [6] [7] Getting to know Larry personally, however, had to wait until Brian's lab went on its yearly summer trail to the MBL in Woods Hole. Among the many fruitful discussions with Larry and the members of his group, a discussion with Jian-Young Wu was especially important. While relaxing on Stony Beach over noon, Wu outlined the many advantages of using optical fibers to couple the voltagesensitive dye signals onto individual detectors. Once back in Switzerland, this input proved invaluable for the development of a fast optical recording device that is in the meantime based on a fiberoptic array coupled to avalanche photodiodes and that is a prerequisite for conducting the study presented below. 8 Apart from developing voltage-sensitive dyes, Larry and friends were also involved in pioneering work regarding Ca 2þ indicators. In one of their publications relevant to this study, they showed in 1975 that the arsenazo III (the first Ca 2þ dye indicator and an absorption dye) can be used to track fast, depolarization-induced changes of ½Ca 2þ i in the squid giant axon. 9 The mechanism likely underlying their observation of an increase of intracellular Ca 2þ peaking within ∼3 ms after the start of depolarization was found 8 years later in the form of voltage-gated Ca 2þ channels. 10 Another 15 years later, the differentiation of stimulus-evoked fluorescence transients from fast calcium indicators was introduced as a means to characterize presynaptic calcium currents in neurons of rat brain slices by yet another frequent visitor of the MBL, Wade Regehr. 11 This method has recently been refined with the goal to derive quantitative measures for calcium currents from optical recordings in neuronal tissue. 12 Based on the principle of obtaining a signal reflecting Ca 2þ inward currents (I Ca ) by the differentiation of optically recorded Ca 2þ transients, we thought it worthwhile to investigate the hypothesis that a similar approach may be used for assessing I Ca during propagated electrical activity in cardiac tissue. Information as to differences in the spatial patterning of calcium currents in cardiac tissue is important, e.g., in the context of understanding discontinuous impulse conduction where L-type Ca 2þ channel mediated inward currents were shown with the coupling clamp cell model to be increased at sites of delayed propagation where they contribute to sustained conduction in the presence of critical gap junctional uncoupling. 13 In the *Address all correspondence to: Stephan Rohr, E-mail: rohr@pyl.unibe.ch same context, it was reported that the size of the optically measured Ca 2þ transient is increased during delayed action potential propagation from a single cardiomyocyte critically coupled to a computer simulated cell. 14 For this and related cases of discontinuous conduction, knowing the spatial extent of local differences in the time course/magnitude of I Ca would substantially enhance our understanding of mechanisms supporting compromised and, hence, arrhythmogenic impulse conduction in the heart.
Using a fast and highly sensitive optical recording system, we show in this study that the rising phase of Ca 2þ transients accompanying propagated electrical activity in strands of cardiomyocytes stained with calcium indicators exhibits two phases: a fast rise within the first ∼5 ms and a slower rise to peak that is reached after an additional 20 to 30 ms. Pharmacological dissection of the main mechanisms contributing to the transients [I Ca ; calcium-induced calcium release, (CICR)] revealed that the fast initial component of the Ca 2þ transient primarily reflects Ca 2þ entry through voltage-gated calcium channels. Accordingly, differentiation of the fast initial rise of ½Ca 2þ i resulted in a signal [optically recorded calcium current (ORCC)] that displayed a time course highly similar to that of L-type Ca 2þ currents as reported before from patch clamp studies of rat cardiomyocytes. 15 
Methods

Cell Culture
Experiments were conducted in agreement with relevant institutional and Swiss Federal guidelines for animal experimentation. Patterned growth primary cultures of 1-day old Wistar neonatal rat ventricular cardiomyocytes were produced using previously described methods. 16 Experimental preparations consisted of strands of cardiomyocytes that measured 0.6 × 5 mm 2 . Experiments were performed with 3-to 5-dayold cell cultures.
Optical Recording
Preparations were stained for 25 min at 36°C with 2.5 μmol∕L Fluo-4 (Teflabs) or 2.5 μmol∕L Fluo-4FF (Life Technologies) dissolved in cell culture medium (M199 with Hank's salts, Life Technologies) containing 5% neonatal calf serum (Biochrom) and 1 mmol∕L probenecid (Sigma) to limit leaking of the dye. Following staining, preparations were incubated for another 20 min in the same medium (w/o Fluo-4) before being mounted in a superfusion chamber 17 that was placed on the stage of an inverted microscope (Zeiss Axiovert 135M). During experiments, preparations were continuously superfused at 36°C with Hank's balanced salt solution (HBSS, Life Technologies) containing 10 mmol∕L Hepes (titrated to pH 7.40) and 1 mmol∕L probenecid. Before a given recording, preparations were prestimulated at 1 Hz for 10 s with an extracellular stimulation electrode placed >1 mm from the recording area in order establish steady state conditions for impulse propagation at the measurement site. Optical recordings were synchronized to the last stimulation pulse and lasted <300 ms to limit photobleaching and phototoxicity. Excitation light from a xenon light source (Optiquip, Model 1600) was bandpass-limited (470∕40 nm) and deflected toward the preparation by a 493-nm dichroic mirror. The emitted fluorescence (longpass 513 nm) was focused onto the input window of a fiberoptic array from which up to 70 fibers (1-mm diameter each) were routed to individual photodetectors (APD modules C5460-01, Hamamatsu). Experiments were performed with a 20 × 0.8 NA objective (Zeiss) that resulted in a spatial resolution of the recording system of 50 μm. The analog bandwidth of the recording system encompassed the range from 0.05 Hz to 2 kHz and simultaneously sampled signals were digitized at 20 kHz (14 Bit; 5-V analog input resolution). Signals were analyzed with customized software (IDL V5.3, Exelis VIS; MATLAB R2013a, MathWorks).
Experimental Solutions
Cadmium chloride (50 μmol∕L, Sigma) and caffeine (10 mmol∕L, Sigma) were added to the supplemented superfusion solution (HBSS) described above to assess the origin of the Ca 2þ signals. 
Data Analysis
Statistics
Values are given as mean AE SD. In graphs, SDs are indicated as shaded bands. Number of samples refers to individual preparations (N) or, in the case of measurements in a single preparation, to the number of photodetectors (n). The boxplots indicate the median (central mark of the box), the 25th and 75th percentiles (edges of the box), and the extreme points (whiskers). Data were compared using a two-tailed Student t-test (homo-or heteroscedastic where appropriate) and difference between datasets were considered significant at p < 0.05.
Results
Ca 2þ Transients During Impulse Propagation
The spatiotemporal characteristics of Ca 2þ transients accompanying action potential propagation were assessed in strands of cultured neonatal rat ventricular cardiomyocytes stained with Fluo-4. Preparations were prestimulated for 10 s at 1 Hz before recording propagated Ca 2þ transients that were elicited by the last stimulation. A representative example of a recording is illustrated in Fig 
Components of the Ca 2þ Transient
In order to assess the relative contributions of I Ca , CICR, and other sources of Ca 2þ to the overall Ca 2þ transient, preparations were sequentially superfused with 10 mmol∕L caffeine to empty the sarcoplasmic reticulum (SR) and caffeine plus 50 μmol∕L CdCl 2 to simultaneously block I Ca . Recordings were limited to the initial part of the transient to reduce photobleaching and phototoxicity during the sequential illuminations.
As shown by the raw signals and the normalized averages of a single experiment [ Fig. 2(a) ], caffeine caused a substantial reduction of the initial peak of the Ca 2þ transient. At the same time, it unmasked a small but rapid initial rise of ½Ca 2þ i that was followed by a slower increase of ½Ca 2þ i reaching a maximum ∼150 ms after the onset of the transient. This rapid increase of ½Ca 2þ i was largely suppressed by CdCl 2 , indicating that it was caused by Ca 2þ influx via L-type Ca 2þ channels. The residual increase of ½Ca 2þ i in the presence of caffeine plus CdCl 2 showed a slower and less pronounced initial rise that was likely due, at least in part, to Ca 2þ entry via the sodium-calcium exchanger (NCX) operating in reverse mode.
Figures 2(b) and 2(c) show the summary data obtained under the three different experimental conditions in six preparations. Under the simplified assumption that ΔF∕F 0 was linearly related to ½Ca 2þ i , the peak of the Ca 2þ transient was primarily due to CICR (57.1% AE 3%), I Ca (31.8% AE 3.8%), and residual Ca 2þ influx (11.1% AE 5.1%). Each of the three components of the Ca 2þ transient displayed a specific time course. The CICR-dependent increase of ½Ca 2þ i showed a fast rise (time to peak: 16.3 AE 1.0 ms) that was followed by a monotonic decline to 0 within 145.7 AE 9.2 ms. I Ca -dependent changes of ½Ca 2þ i showed an equally fast initial increase but continued to rise thereafter during the duration of the recording. The small residual change of ½Ca 2þ i measured in the presence of caffeine and CdCl 2 showed a slow increase that reached a peak after 103.3 AE 19.2 ms before starting to decline again.
Kinetics of the
Under the assumption that the fast initial rise of ½Ca 2þ i observed under control conditions and in the presence of caffeine is primarily based on I Ca , differentiation of the transient should result in a signal (ORCC) that reproduces the essential features of activation of I Ca known from patch clamp experiments. As shown in Fig. 3(a) for a single experiment, differentiation of the Ca 2þ transients recorded under control conditions indeed produced signals that peaked at 2.50 AE 0.22 ms (n ¼ 56) after the onset and declined exponentially thereafter, duplicating the basic features of I Ca;L activation and inactivation as observed previously during action potential clamps in rat cardiomyocytes. 15 Similarly shaped but smaller signals were found in the presence of caffeine. The finding that CdCl 2 caused nearcomplete suppression of this signal demonstrates that it was primarily based on Ca 2þ entry through voltage-activated Ca 2þ channels. ORCCs acquired under control conditions by a single row of photodetectors during propagation of an action potential are shown in Fig. 3(b) .
The summary data of all experiments in Fig. 3(c) illustrate that the caffeine substantially reduced the peak of dðΔF∕F 0 Þ∕dt from 0.34 AE 0.03 to 0.07 AE 0.01 ms −1 (−79%; N ¼ 6). As is evident after normalization of the traces [rightmost panel of Fig. 3(c) ], caffeine had no appreciable effect on the time course of the rising phase of the signal while slightly slowing the decay of the signal which may be related to a reduction of Ca 2þ -dependent inactivation of I Ca . The similarity of dðΔF∕F 0 Þ∕dt obtained under control conditions and in the presence of caffeine suggests that I Ca -mediated Ca 2þ entry can be recorded even in presence of a functional SR. Differentiation of the small residual Ca 2þ transient present during exposure of the preparations to caffeine and CdCl 2 was only possible after subjecting the raw data to additional digital filtering (cf. methods). The peak of the differentiated signal of these transients was reached more slowly and amounted to 0.0095 AE 0.0043 ms −1 (−97% versus control; N ¼ 6).
As shown in Fig. 3(d) , the time to peak of the differentiated signals amounted to 2.41 AE 0.05 ms (control), 2.42 AE 0.23 ms (caffeine), and 8.29 AE 1.39 ms (caffeine plus CdCl 2 ; N ¼ 6 each). While values obtained under control and caffeine conditions were not different (p ¼ 0.93), they were significantly faster than those recorded in the combined presence of caffeine and CdCl 2 (p < 0.0001 each).
Measurement of Ca 2þ Transients with Fluo-4FF
Because high-fidelity recordings of Ca 2þ transients in cardiac tissue are known to depend on the dissociation constant (K d ) of the Ca 2þ indicator used, we repeated the experiments with preparations stained with the low-affinity Ca 2þ indicator Fluo-4FF that has a K d for Ca 2þ (9.7 μmol∕L) which is ∼20 times larger than that of Fluo-4 (0.4 μmol∕L). 19 The comparison of Ca 2þ transients obtained with Fluo-4 or Fluo-4FF stained single preparations shown in Fig. 4(a) Average data obtained from six preparations stained with Fluo-4FF are depicted in Figs. 4(b) and 4(c) . Under control conditions, Ca 2þ transient amplitudes measured with Fluo-4FF (0.46 AE 0.16; N ¼ 6) were significantly smaller than those reported by Fluo-4 (2.13 AE 0.17; N ¼ 6; p < 0.0001; −78% versus Fluo-4). On the other hand, the time to peak of dðΔF∕F 0 Þ∕dt was faster in the case of Fluo-4FF than Fluo-4 (2.14 AE 0.06 ms versus 2.41 AE 0.05 ms; N ¼ 6, p < 0.0001). Peak amplitudes of the differentiated signals were, as was to be expected for the ∼4 times smaller amplitude of the Ca 2þ transients in preparations stained with Fluo-4FF, reduced to a similar extent (−84% AE 4%).
Exposing Fluo-4FF stained preparations to 10 mmol∕L caffeine caused a depression of the Ca 2þ transient by 46% AE 8% that was slightly larger than the effect observed in Fluo-4 stained preparations (−34% AE 5%, p < 0.01). Because of the small Ca 2þ transient amplitudes in the presence of caffeine, differentiation of the signal was barely possible because of low signalto-noise ratios. Nevertheless, also for the case of Fluo-4FF stained preparations exposed to caffeine, dðΔF∕F 0 Þ∕dt showed a distinct transient that peaked after 1.47 AE 0.18 ms (p < 0.0001 versus control).
Discussion
The results of this study demonstrate the feasibility of measuring I Ca elicited by a propagating action potential in multicellular cardiac tissue by optical means. Prerequisites for such recordings are Ca 2þ indicators that are fast and sensitive enough to resolve the kinetics of Ca 2þ entry via voltage-activated L-type Ca 2þ channels and an optical recording system that is sufficiently fast and sensitive to capture the I Ca -mediated increase of ½Ca 2þ i with signal-to-noise ratios large enough to permit a meaningful differentiation of the data.
Role of Kinetics and Affinity of Ca 2þ Indicators in Optical I Ca Measurements
Previous studies of the kinetics of the Ca 2þ indicator Fluo-3 using flash photolysis of DM-nitrophen in a cell-free system found the Ca 2þ binding rate (k on ) to be diffusion limited suggesting a nearly instantaneous reaction of the dye to changes of ½Ca 2þ free . 20 Using flash photolysis of caged Ca 2þ in dendrites of neurons stained with Fluo-4, another group was able to resolve Ca 2þ transients that peaked within less than 1 ms. 21 These findings suggest that the Fluo-4 reacts to increases of ½Ca 2þ i with kinetics sufficiently fast to resolve Ca 2þ entry via L-type Ca 2þ channels in cardiomyocytes and that lower affinity dyes may not necessarily be needed for this specific application. Nevertheless, when comparing Fluo-4 with Fluo-4FF (∼20 times lower affinity), we found the time to peak of the derivative of the initial fast rise of ½Ca 2þ i measured with Fluo-4 to be slightly slower (−11%) than the time to peak reported by Fluo-4FF. Similarly, in the presence of caffeine, the time to peak reported by Fluo-4 was slower than that of Fluo-4FF (−39%). The latter measurements, however, need to be interpreted with caution because Fluo-4FF signals in the presence of caffeine were very small and obtaining an exact measure of the time to peak following differentiation of the signals was accordingly difficult.
Under the assumption that the initial fast rise of intracellular [Ca 2þ ] is due to Ca 2þ entry through voltage-gated channels, the time course of this increase reported by Ca 2þ indicators is likely to somewhat underestimate the kinetics of the "real" increase because the diffusion of Ca 2þ from the subsarcolemmal space toward the center of the cardiomyocytes will tend to slow the transient. 22 Investigations into the magnitude of this effect would require an assessment of Ca 2þ transients at high spatial resolution with confocal recording systems because the moderate spatial resolution (50 μm) of the widefield epifluorescence approach used in this study causes signal averaging from entire cells and, hence, precludes a detailed assessment of the kinetics of subsarcolemmal versus centercell Ca 2þ transients. In contrast to their rather similar behavior in tracing the initial fast increase of ½Ca 2þ i following electrical activation (<∼5 ms after onset), the dyes differed substantially with regard to the remainder of the signals. While Fluo-4 reported a slightly faster time to peak of the Ca 2þ transient (25.3 ms) than Fluo-4FF (30.6 ms), the decline thereafter was substantially delayed in the case of Fluo-4 (time to 50% decline: 169.4 ms versus 88.7 ms; þ91%) which is likely explained by its low K d that implies a slow relaxation of the dye. 23 Moreover, while the fluorescence decay of Fluo-4FF followed an exponential time course, the decline of Fluo-4 signals was characterized by an initial slow component (plateau) followed by a faster component. In simultaneous measurements of membrane voltage with RH237 and ½Ca 2þ i with Fluo-4 in porcine myocardium, a similar transition from slow to fast decline of the Ca 2þ transient coincided with the onset of rapid final repolarization. 19 Hypothetically, plateauing may be caused by nonlinearities of Fluo-4 at ½Ca 2þ i > K d or a switch of NCX operation from reverse mode to forward mode. Absence of plateauing in case of Fluo-4FF measurements rather favors the K d hypothesis but further experiments are needed to resolve this question.
Components of the Calcium Transient
The peak of the rise of ½Ca 2þ i that accompanied propagated electrical activity was foremost due to I Ca (32%) and CICR (57%) with other mechanisms including Ca 2þ entry via NCX playing a lesser role (11%). For CICR, a higher value was found during Fluo-4FF measurements of preparations exposed to caffeine (71%). The contribution of CICR to Ca 2þ transients is in the range of values reported before for stimulated cultured neonatal rat cardiomyocytes exposed to 50 μmol∕L ryanodine (63%) but is lower than that found in intact adult ventricular cardiomyocytes (∼90%). 24, 25 The difference to intact adult cells likely reflects a lesser developed SR and the lack of t-tubuli in cultured cells. 26 Comparison data for the relative contribution of I Ca and residual sources of Ca 2þ entry to the peak of the Ca 2þ transient during action potentials for rat cardiomyocytes were not found and are, in the case of NCX, controversial.
Optically Recorded Calcium Currents (ORCCs)
Arguments in favor of the hypothesis that the derivatives of the optically recorded Ca 2þ transients accompanying action potential propagation under control conditions indeed represent ORCCs, are several fold: (1) Caffeine-induced suppression of CICR did not affect the time course of ORCCs: This observation excludes that CICR was involved in the early phase of the optically measured increase of ½Ca 2þ i following electrical excitation. This implies but does not prove that this phase was largely determined by I Ca;L . On the other hand, the finding that 10 mmol∕L caffeine reduced the amplitude of the differentiated signal by 79% directly supports the hypothesis that ORCCs reflect I Ca because caffeine at identical concentrations has been shown before in patch clamp studies of rat cardiomyocytes to depress peak I Ca;L by 70% to 80%, i.e., to a very similar extent as was observed for ORCCs in this study. 27 (2) ORCCs were entirely suppressed by CdCl 2 in the continued presence of caffeine: During suppression of CICR with caffeine, the main contributors to the changes of ½Ca 2þ i left are voltage-activated Ca 2þ channels and NCX operating in reverse mode. Separation of these two components by application of 50 μmol∕L CdCl 2 that reportedly blocks I Ca;L but not NCX 28 caused complete suppression of ORCCs indicating that these signals were the result of Ca 2þ entry through voltage gated calcium channels. The remaining small and slowly rising Ca 2þ transient in the presence of caffeine and CdCl 2 was likely due to NCX operating in reverse mode but this question was not further addressed. (3) Similarities of the shape of ORCCs with I Ca recorded during action potential clamp experiments in rat cardiomyocytes: With an average time to peak of 2.4 ms (Fluo-4) and 2.1 ms (Fluo-4FF) and considering that these values underestimate the "real" time to peak by ∼10% because of their onset definition (cf. methods), the activation profile of ORCCs rather accurately duplicated the time to peak of L-type Ca 2þ currents measured during action potential clamps in single adult rat cardiomyocytes (time to peak ∼3 ms). 15 Similarly, the widths of ORCC transients measured at 50% of their maximal amplitude (Fluo-4 and Fluo-4FF: ∼5 ms) were close to the widths of L-type Ca 2þ transients measured in the above-mentioned patch clamp study (∼8 ms).
In combination, the three findings provide strong evidence that dðΔF∕F 0 Þ∕dt of the Ca 2þ transient measured during propagated electrical activity accurately reproduces activation and the initial phase of inactivation of L-type Ca 2þ channels. The fact that we were able to resolve this phase without pharmacological interventions suggests that there was negligible interference from CICR during the initial phase of the Ca 2þ transient. This conclusion is supported by a recent model study suggesting that it takes up to 15 ms until Ca 2þ influx initiated by an action potential reaches the SR and triggers CICR in cultures of neonatal rat cardiomyocytes. 25 The situation may be different in intact adult ventricular cardiomyocytes with well-developed t-tubular systems where coupling delays between I Ca and CICR may be considerably smaller and, accordingly, CICR may interfere with ORCCs. Future experiments are needed to clarify this issue.
Limitations of the Study
While the findings of this study illustrate the feasibility of recording the temporal evolution of activation and inactivation of I Ca during propagated electrical activity in multicellular cardiac tissue, the precision with which the kinetics of these ORCCs were determined may be hampered by limitations of the kinetics of the indicators used and by cytosolic Ca 2þ buffers competing with the indicators. While the similar temporal responses of Fluo-4 and Fluo-4FF rather exclude that the activation kinetics were grossly underestimated, the possible interference from cytosolic buffers that may slow the signal still needs to be analyzed. A further caveat relates to the magnitude of the caffeine-sensitive component of the whole cell Ca 2þ transient reported in this study. It has been shown before that the direct interactions between caffeine and Fluo-3 cause a substantial reduction of indicator fluorescence. 29 Under the assumption that Fluo-4 and Fluo-4FF share this property, the magnitude of the caffeine-sensitive component of the whole cell Ca 2þ transient was likely overestimated and, accordingly, the relative size of I Ca;L related Ca 2þ entry was underestimated. Finally, the functional interpretation of ORCCs would profit from simultaneous measurements of membrane voltage changes with voltage-sensitive dyes. 30 
Conclusions
In summary, the findings that (1) ORCCs exhibit a shape highly similar to I Ca;L recorded during action potential clamps in rat cardiomyocytes, that (2) ORCCs are abolished by CdCl 2 , and that (3) caffeine causes a suppression of the amplitude of ORCCs that reflects caffeine-induced suppression of I Ca;L strongly support the concept that ORCCs are based on Ca 2þ currents through voltage-activated Ca 2þ channels and that they reflect activation and the initial phase of inactivation of this current with high-temporal fidelity. What is still missing at this point is a methodological approach to obtain quantitative estimates of I Ca;L . Here, looking at recent developments in the neurosciences is once more helpful as a study that was published 1 month prior to the writing of this manuscript describes exactly such an approach. 12 In this context and referring back to the general part of the introduction, it seems most appropriate to end with a quote by Silvio Weidmann from 1957:
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